The effect of three intraruminal sustained-release devices (SRD) against Dictyocaulus viviparus infection was tested in five groups of six calves. Group 1 served as untreated controls, and groups 2, 3 and 4 were dosed with a levamisole SRD, a fenbendazole SRD, and an ivermectin SRD, respectively. Group 5 was vaccinated against lungworm and received a levamisole sRD. The calves were turned out on May 28 and the devices given seven days later. All the calves received trickle infections with a total of 200 lungworm larvae between 9 and 34 days after turnout. They were housed on October 28, challenged with 5000 lungworm larvae and -slaughtered three weeks later. No clinical signs of parasitic bronchitis were observed during the study. The treated groups gained significantly more weight (P<0 05) than the controls, but did not differ among themselves. Larvae were first detected in the faeces of the control group between 25
and 32 days after the rist infection, and had a group mean of 21 larvae per gram (Ipg) after 60 to 80 days, after which the lpg gradually decreased. In group 2, larvae were detected near the end of the grazing season and never exceeded a group mean of 1.5 lpg. In group 3, a very low larval output was observed after housing (group mean 0-1 lpg). Groups 4 and 5 never became patent. The results of an ELISA followed the pattern of larval output; optical densities above the cut-off value were recorded in groups 1, 2 and 3. On the basis of worm recoveries after challenge, group 1 was immune. Group 4 had significantly more lungworms than group 2. There were no significant differences in worm numbers between groups 2, 3 and 5, but the worms in group 5 were retarded in growth (P<0 05).
THE use of long-acting intraruminal devices in cattle is widespread among Dutch cattle farmers. A survey in 1996 (unpublished) showed that such devices are used for the control of nematode infections in first grazing season calves on 34 per cent of farms and that the majority of the devices used are of the sustained-release type (SRD).
There are four devices of this type on the market: one containing morantel (Paratect Flex bolus; Pfizer), one containing levamisole (Chronomintic bolus; Virbac), one containing fenbendazole (Panacur SR bolus; Hoechst) and one containing ivermectin (Ivomec SR bolus; MSD AgVet). They have all been shown to be effective against the common gastrointestinal nematodes of cattle (Egerton and others 1986 , Taylor and others 1988 , Grimshaw and others 1989 , Berghen and others 1994 . The effect of the morantel SRD device against lungworm is limited, because the active ingredient is not very effective against Dictyocaulus viviparus (Cornwell and others 1973) . The other three devices have been used successfully in the prevention of lungworm infection in cattle (Alva-Valdes and others 1988, others 1988, Jacobs and others 1996) . The aim of this study was to compare the preventive effect of these three SRDs under conditions which may prevail at the start of the grazing season. The combined effect of lungworm vaccination and a levamisole SRD was investigated in a separate group of calves. At the end of the season, all the animals were housed and challenged with lungworm larvae to determine their immune status. fences to prevent contamination from pasture to pasture others 1988, 1990 calves were slaughtered on November 20 and 21. Lungworms were collected by the perfusion technique described by Andrews and James (1994) . The perfused lungs were chopped into small pieces and weighed. A sample of 10 per cent of the lungs was baermannised for the detection of larval stages. The worms collected were measured and classified according to Eysker and others (1990) .
Statistics
The differences in weight gain and numbers of worms between the five groups were analysed statistically by calculating the least significant difference (lsd) at the 5 per cent level.
Results

Clinical observations
The sustained release devices were administered without problems. Coughing was heard occasionally during the grazing season, but it occurred regularly only in calves of group 1, particularly in August; no treatment was necessary. After the challenge infection, no coughing was heard. While it was housed one calf of group 2 regurgitated its bolus. 1 found in cultures from groups 2 and 3, and Cooperia oncophora larvae were observed in cultures of group 3 only. No larvae were found in the cultures from group 4.
Counts of lungworm larvae in the faeces
ELISA results
After vaccination, a small increase in optical density (OD) was observed in the antibody response of samples from the calves of group 5 (Fig 2) . However, this increase did not reach the cut-off value (0-25). Samples from the calves of the control group showed a sharp increase in OD between 25 and 39 days after the first infection, and the OD then decreased slowly until the end of the study. The OD in group 2 reached the cut-off value after 137 days, and in group 3 after 151 days. In groups 4 and 5 the cut-off value was never reached.
Weight gain
The calves in the treated groups grew significantly better than the control calves during the period on grass (P<0-05). There were no significant differences between the groups of treated calves. The control calves had a mean weight gain of 808-g per day, but the calves of groups 2, 3, 4 and 5 gained on average 962 g, 926 g, 914 g and 948 g per day, respectively.
Postmortem lungworm counts
The numbers of lungworms and their developmental stage are shown in Table 1 .
After challenge, the calves were kept for 21 days before they were slaughtered. This period is too short for the development of fully grown adult worms. Thus, the adult worms which were found must have grown from larvae on the pasture before the challenge infection was given. The total number of worms in group 4 was significantly higher than in groups 1 and 2 (P<0-05), but not significantly higher than in groups 3 and 5. The numbers of adult worms found in groups 1, 2 and 3 were significantly lower (P<0-05) than in groups 4 and 5. The number of young adult worms was significantly higher in the calves of group 4 (P<0-05). The numbers of juvenile worms and early 5th stage worms were significantly higher in the calves of group 5.
Discussion
The pattern of lungworm infestation which is characteristic in calves on the majority of Dutch farms was successfully imitated. The low level of infection, representing a small overwintered infection or an infection brought on to pasture by carrier animals, caused a patent infection in the control calves which contaminated the pasture. This contamination resulted in a second generation of lungworms with a high larval output in the faeces. The fact that the larval output then decreased indicates that the pasture contamination did not result in a third generation of lungworms in the calves, probably because a strong immunity had developed. others (1988, 1990 ) that small numbers of larvae were excreted by animals treated with this SRD. The lungworm infections in the calves of groups 2 and 3, which were detected by faecal examinations and confirmed postmortem, were also indicated by the ELISA results. This observation supports the hypothesis that this ELISA demonstrates the presence of adult worms in the lungs (de Leeuw and Cornelissen 1993) , and explains why the OD in the sera of the vaccinated calves (group 5) did not reach the cut-off value. The small increase in OD observed after the second vaccination could have been due to the presence of a few insufficiently irradiated larvae in the vaccine and their development to the adult, but not sexually mature, stage. It also explains why the OD in the sera of the calves of groups 4 and 5 did not reach the cutoff value after challenge, because the time between challenge and slaughter was too short to induce a measurable increase in OD. Although no parasite-naive controls were used to confirm the infectivity of the challenge the authors are confident that these larvae were fully infective. A donor calf, used to maintain the strain was infected at the same time with the same batch of larvae, and showed a normal infection pattern with patency starting at 24 days after infection. The postmortem worm counts therefore clearly indicated the strong immunity built up by the control calves during their period on pasture. In terms of worm counts and worm development, immunity at the time of challenge was weakest in the calves of group 4, in which no lungworm larvae were found in the faeces during the whole study, the ELISA titres did not reach the cut-off value and no adult lungworms were found postmortem. The results suggest that the 200 larvae which the calves were challenged with during their first period on pasture were probably the only contact with lungworm for these calves and that after challenge the growth of the worms was not delayed owing to the lack of an immune response. As a result they carried a significantly larger number of young adult worms. These worms also showed a remarkable homogeneity in length compared with the worms from the calves in groups 2, 3 and 5. This homogeneity of development was particularly absent in the calves of group 5. A possible explanation is that because these calves had been vaccinated they still had some immunity which was not impaired by the levamisole SRD. It is known that the immunity which is induced by vaccination declines in the absence of a challenge (Duwel 1963) . The vaccinated calves were, like the other calves, infected experimentally after turn-out, but it is likely that the levamisole SRD prevented these larvae from presenting an immune stimulus. This likelihood is supported by the results of the ELISA, in which the OD did not rise above the cut-off value. Because there was no larval output in the vaccinated calves, there was no boost to the immunity induced by vaccination. It is therefore recommended that this levamisole SRD should not be used in combination with vaccination; the bolus alone is sufficient to prevent lungworm infection under the conditions which prevail in the Netherlands.
Although (Freeman 1982 , Stick 1987 Lateral thoracic radiography revealed normal lung fields. An ovoid radiopacity was present in the region of the thoracic oesophagus, caudal to the heart base. There was gas dilation of the adjacent oesophagus. Contrast radiography of the oesophagus was performed using a mixture of barium powder (E-Z-Paque; E-Zem) and molasses administered orally. The mass was outlined as a discrete, regularly marginated ovoid filling defect (5 x 6 cm) within the contrast material (Fig 1) . The The findings were consistent with a diagnosis of a penetrating oesophageal foreign body which had resulted in a septic pleuritis and secondary oesophageal abscess formation. The horse was treated with 15,000 iu/kg procaine penicillin (Duphapen; SolvayDuphar) intramuscularly once daily, 7-5 mg/kg neomycin and 15,000 iu/kg penicillin (Neomycin Penicillin; Intervet) intramuscularly once daily, and 2 mg/kg phenylbutazone intravenously twice daily (Equipalazone; Arnolds), for seven days. During this period food was gradually reintroduced. The pony progressed to eating concentrates and grass, although a degree of dysphagia remained. After seven days of treatment, the mass was no longer endoscopically visible and a small area of inflamed epithelium was the only abnormality identified in this region. Similarly, radiographic examination showed no evidence of the intraluminal mass or oesophageal dilatation (Fig 2) . The 
